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Abstract 
Production lines are complex mechatronic systems. They incorporate mechanical, electronic, software and control 
sub-systems in their structures. The complexity of these systems is in this case identified for mass production of 
sanitary products. As part of the task solution new models are being searched, aiming at the selection of optimal 
production line in terms of achieving the effect for both, the manufacturer and the customer, as well. One of the 
ways, which allows achieving the desired effects is a professionally executed multi-criteria problem optimization. 
The experimental basis is based on the specific conditions of one of the major worldwide companies. The 
identification of criteria is focused on specific production lines. The result is a model of multi-criteria assessment of 
the alternative lines for the production of sanitary products, processed in Microsoft Excel. 
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1. Introduction 
Industrial companies expect from the development of production systems and lines short development, design 
and manufacturing cycles, low investment and operating costs, quality and reliability of the completion of 
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technological operations, performance and ability to meet customer requirements. Therefore, manufacturers are 
trying to deliver production systems and lines, integrated, with direct drive mechanism, with precise and fast control 
elements, powerful and reliable electronics, microcomputers and smaller built-up areas (dimensions). Currently 
there are several manufacturers who offer such production systems and lines. They differ each other by variability of 
operational possibilities, speed, accuracy, performance, efficiency and etc. These differences result in the difficult 
process of selecting new production systems and lines for specific company needs. The choice is suitable to 
implement on the basis of several criteria and take into account a number of variants. To address this problem two 
approaches can be applied: multi-criterial evaluation of variants and multi-criterial optimal programming. This paper 
is focused on the first approach mentioned. 
2. Modeling of a production line selection for sanitary products 
Method of multi-criterial assessment of the variants allows to determine the optimal variant of production line for 
specific company conditions aimed at mass production of sanitary products. Evaluation is based on the main 
objective of the company - growth of its market value. As partial objectives of evaluation are defined progressivity 
of innovation, profitability and liquidity of the project. 
The choice of production lines is realized through benchmarking on the basis of offers from producers, 
respectively suppliers of the required production equipment. The advantage of the method is that it allows the 
transfer of best innovations into the corporate environment.  
Selected variants of the project are assessed on the basis of properly grouped and balanced set of criteria. The 
first group consists of technical and technological criteria. Criteria are set for productivity lines (including line tact, 
removal rate of production, waste, time of trouble-free operation), built-up area of the line, flexibility of lines 
(reflects the number of product types, their product modifications and number of types of packaging), degree of 
automation of lines, modularity of structure and number of actuators used in the line. Based on expert estimation and 
benchmarking of current level of production lines for the production of hygiene products from several foreign 
manufacturers, it has been developed a system of evaluation of individual technical and technological indicators, 
shown in Table 1. The development tendencies of these criteria are captured in Fig. 1. 
Table 1. Example of scales for the valuation of technical and technological parameters of the production line. 
Flexibility 
 
Scale 
of evaluation 
(coefficient) 
Degree 
of automatization 
 
Scale 
of evaluation 
(coefficient) 
Modularity of  
structure 
(number of modules) 
Scale 
of evaluation 
(coefficient) 
Low  0.1 – 0.39 - - Low (1-3) 0.1 – 0.3 
Small  0.4 – 0.59 Small 0.1 – 0.49 Small (4-5) 0.4 – 0.5 
Medium  0.6 – 0.79 Medium  0.5 – 0.69 Medium (6-7) 0.6 – 0.7 
High  0.8 – 1.00 High 0.7 – 1.00 High (8 and more) 0.8 – 1.0 
 
The second group consists of financial-economic criteria, namely the net present value, profitability index, 
discounted payback period and discounted economic value added. It is a dynamic evaluation criteria based on cash 
effects generated production by production facility over its economic lifetime. They strictly respect the distribution 
of effects and change of the value of money over time. 
The order of significance of variants of production lines is determined using the PATTERN method. The 
evaluation procedure is carried out in three steps. 
In the first step, the significance of each criteria is defined, using the phasing schedule of weights method in 
combination with Fuller's method of paired comparisons. The results are calculated standardized weights for each 
criterion assessed. The used methods reduce the demand on the decision-making body itself, as well as compliance 
with the established relations between different groups of criteria, which is particularly important if there are 
different number of criteria in groups. Criteria weights are always determined subjectively. Their reliability can be 
increased by a larger number of evaluators - experts and by utilization of more estimation methods of criteria 
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weights. 
In the second step, for each criterion, the index of criterion changes (Iij) is calculated compared to the base value 
of the criterion, so that the improvement of the criteria is always expressed by a growth index. The assessed criteria 
should be divided into criteria for which the growing trend is desired and criteria for which decreasing trend is 
desired. [4] 
 
 
  
  
Fig. 1. Prediction of the development of technical and technological criteria up to 2017. 
In the third step weighted indices (I´ij) to be quantified with respect to the significance of the criteria assessed and 
subsequently the summary of weighted indices for each of the variants (Sj) is calculated. This provides the relative 
technical and economic level of the individual variants. If the technical and economic level is expressed as a 
percentage, then the worst case scenario has a value of 100%. Finally, the order of variants from the best to the 
worst is. 
The above introduced procedure for selecting an optimal production line is designed as a model in Microsoft 
Excel. The selection of this programming tool has been influenced by the fact that Microsoft Excel is one of the 
most used software tools in economic practice. 
3. Verification of the model of a production line selection for the mass-production of sanitary products 
Verification of the proposed model is implemented in the project of acquisition of new automated production line 
for sanitary products - sanitary napkin. The process of manufacture of this product is shown in Fig. 2. 
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Fig. 2. Production process of a sanitary product. [1] 
 
Fig. 3. Relative technical and economic efficiency of variant solutions. 
Base Line Line Line Line Line
0 1 2 3 4 5
Technical-technological
1 Line productivity – technical pcs/min ↑ 0.165 500 800 1,000 1,200 800 1,000
Change of index Iij 1.60 2.00 2.40 1.60 2.00
Weighted index  I'ij 0.264 0.330 0.396 0.264 0.330
2 Build-up area m2 ↓ 0.025 120 120 88 85 96 120
Change of index Iij 1.00 1.36 1.41 1.25 1.00
Weighted index  I'ij 0.025 0.034 0.035 0.031 0.025
3 Flexibility coef. ↑ 0.120 0.4 0.6 0.6 0.6 0.6 0.5
Change of index Iij 1.50 1.50 1.50 1.50 1.25
Weighted index  I'ij 0.180 0.180 0.180 0.180 0.150
4 Level of automatization coef. ↑ 0.045 0.7 0.85 0.85 0.85 0.90 0.75
Change of index Iij 1.31 1.31 1.31 1.38 1.15
Weighted index  I'ij 0.059 0.059 0.059 0.062 0.052
5 Modularity of structure pcs ↑ 0.110 6 8 8 8 8 6
Change of index Iij 1.33 1.33 1.33 1.33 1.00
Weighted index  I'ij 0.146 0.146 0.146 0.146 0.110
6 Servo-drives pcs ↑ 0.035 4 6 12 12 6 6
Change of index Iij 1.50 3.00 3.00 1.50 1.50
Weighted index  I'ij 0.053 0.105 0.105 0.053 0.053
Finance-economic
7 Net present value  '000 EUR ↑ 0.140 2,823 7,482 6,928 6,632 7,274 7,612
Change of index Iij 2.65 2.45 2.35 2.58 2.70
Weighted index  I'ij 0.371 0.343 0.329 0.361 0.378
8 Internal rate of return coef. ↑ 0.080 1.64 2.53 2.18 2.03 2.38 2.61
Change of index Iij 1.54 1.33 1.24 1.45 1.59
Weighted index  I'ij 0.123 0.106 0.099 0.116 0.127
9 Discounted pay-back period years ↓ 0.085 5.70 3.60 4.30 4.70 3.90 3.50
Change of index Iij 1.58 1.33 1.21 1.46 1.63
Weighted index  I'ij 0.134 0.113 0.103 0.124 0.139
10 Discounted economic value added  '000 EUR ↑ 0.195 2,765 7,529 6,911 6,576 7,296 7,673
Change of index Iij 2.72 2.50 2.38 2.64 2.78
Weighted index  I'ij 0.530 0.488 0.464 0.515 0.542
Summary of weighted indices  (Sj) 1.885 1.904 1.916 1.852 1.906
Relative technical and economic level % 101.78 102.81 103.46 100.00 102.92
Rank
(based on the overall efficiency) 4 3 1 5 2
Variants
No Criteria Unit
Required
development
Standard
weight
of
criteria
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The reason for the acquisition of new automated line is an increased demand for that product. The selection of 
lines (alternative solutions) was executed on the basis of offer letters from reputable companies from Italy and 
Germany. Five lines (L1 to L5) were evaluated.  
The comprehensive assessment of the technical and economic efficiency of alternative solutions is documented in 
Fig. 3. The evaluation showed that the highest technical and economic efficiency hence the optimal variant is the 
third variant (L3). 
4. Conclusion 
The presented procedure for selection of production lines for the mass production of sanitary products can be 
used in the evaluation of lines with the same as well as different production volumes. The advantage of the approach 
is that it takes into account the growth of the market value of the company, allows comparison of variants among 
themselves as well as with the current solution, and allows to use the required number of technical and economic 
criteria. The result of the evaluation is to determine the optimal variant in terms of the overall efficiency. The 
presented procedure is flexible. The model created in Microsoft Excel spreadsheet allows using minor adjustments 
to evaluate different number of variants, groups of indicators or number of indicators within the specific group. 
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